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ABSTRACT
The [O II] λ3727 line, a commonly used estimator of star formation rate in extragalactic surveys, should be an
equally effective tracer of star formation in the host galaxies of quasars, whose narrow-line regions are expected
to produce weak low-ionization emission. Quasar spectra generally show little or no [O II] emission beyond that
expected from the active nucleus itself. The inferred star formation rates in optically selected quasars are typically
below a few M⊙ yr−1, and some significantly less. Quasars do not appear to occur coevally with starbursts. Recent
observations, on the other hand, reveal abundant molecular gas in low-redshift quasars. These two results suggest
that the star formation efficiency in quasar host galaxies is somehow suppressed during the active phase of the
nucleus. The low star formation rates also imply that the nonstellar nucleus powers the bulk of the thermal infrared
emission in radio-quiet quasars.
Subject headings: galaxies: active — galaxies: nuclei — (galaxies:) quasars: general — galaxies: Seyfert
1. INTRODUCTION
The discovery of scaling relations between central black hole
masses and the bulge properties of their host galaxies (Magor-
rian et al. 1998; Gebhardt et al. 2000; Ferrarese & Merritt
2000) has stimulated a plethora of ideas linking black hole
growth with galaxy assembly (see reviews in Ho 2004). If
the evolution of black holes and galaxies are as closely cou-
pled as currently thought, one would expect black hole accre-
tion to show some empirical connection with star formation.
Two recent lines of evidence point in this direction. From an
analysis of a large sample of emission-line galaxies selected
from the Sloan Digital Sky Survey, Kauffmann et al. (2003)
find that narrow-line (Type 2) active galactic nuclei (AGNs)
frequently show stellar absorption-line features indicative of
young to intermediate-age stars, with the frequency of young
stellar populations growing stronger with increasing AGN lu-
minosity. In a parallel development, studies of quasar spectra
continue to support the notion that their emission-line regions
are significantly chemically enriched by episodes of rapid star
formation, presumably associated with the stellar population in
the central regions of the host galaxies (Hamann et al. 2004,
and references therein).
It is obviously of considerable interest to measure directly
the star formation rate (SFR) concurrent with quasar activity.
The existing studies on the stellar content of quasar host galax-
ies have been restricted largely to stellar populations belong-
ing to the post-starburst phase (e.g., Canalizo & Stockton 2001;
Brotherton et al. 2002; Kauffmann et al. 2003), or older (Nolan
et al. 2001). The main challenge in studying the youngest
stellar population in AGNs is that nearly all the observational
tracers commonly used to estimate SFRs in galaxies, such as
hydrogen recombination lines or continuum emission in the ul-
traviolet, radio, or far-infrared (IR) bands, suffer from severe
contamination by emission from the AGN itself, if the latter is
sufficiently strong, as in quasars. As described in this paper,
however, there is one important exception.
[O II] λ3727, a prominent nebular emission line in H II re-
gions, is widely used to track star formation in galaxy surveys,
particularly for redshifts z ∼> 0.4 (e.g., Lilly et al. 1996; Hip-
pelein et al. 2003). Its use as a SFR indicator has been dis-
cussed by Gallagher, Bushouse, & Hunter (1989) and Kenni-
cutt (1998), and recently it has been examined extensively by,
among others, Kewley, Geller, & Jansen (2004). Can [O II] be
used to measure SFRs in AGNs?
Now, [O II] emission is by no means uniquely produced in
H II regions. The narrow-line regions of AGNs emit [O II],
which can be especially prominent in photoionized nebulae
characterized by low ionization parameters1 or in a shock-
heated plasma (Ferland & Netzer 1983; Halpern & Steiner
1983; Ho, Filippenko, & Sargent 1993a). On the other hand,
in narrow-line regions governed by high ionization parameters,
such as those pertinent to Seyfert galaxies, [O II] is observed
and predicted to be relatively weak. For a plausible range of
ionization parameters, densities, and ionizing spectra, the in-
tensity of [O II] λ3727 is a small, roughly constant fraction
of [O III] λ5007 (∼ 10% − 30%), as observed (Ferland & Os-
terbrock 1986; Ho et al. 1993a; Ho, Shields, & Filippenko
1993b). The physical conditions of the narrow-line regions of
quasars have been less thoroughly studied, but they are thought
to be similar to those of Seyfert galaxies (Wills et al. 1993).
The approximate constancy of the [O II]/[O III] ratio in high-
ionization AGNs (whose ionization parameter can be indepen-
dently gauged by, e.g., the [O III]/Hβ ratio), then, suggests a
simple strategy for estimating SFRs in luminous AGNs such
as Seyfert 1 nuclei and quasars: any [O II] emission in excess
of the component intrinsic to the AGN, as constrained by the
[O III] strength, can be reasonably attributed to star formation.
This paper draws attention to the fact that optically selected
quasars exhibit weak [O II] emission. The absence of [O II]
emission in excess of the baseline level expected from nonstel-
lar photoionization indicates that strong star formation gener-
ally does not accompany quasar activity. Since nearby quasars
harbor significant amounts of molecular gas, their low SFRs
suggests that nuclear activity somehow curtails the star forma-
tion efficiency in these systems. The independent estimate of
SFR based on [O II] also helps to clarify the energy source
1The ionization parameter is defined as the ratio of the density of Lyman continuum photons to the density of hydrogen.
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TABLE 1
PG Quasars with CO and [O II] Measurements
Quasar z DL MB MH2 Ref. L[O II] [O II]/[O III] Ref. SFR L
pred
IR LIR
PG (Mpc) (mag) (109 M⊙) (erg s
−1) (M⊙ yr
−1) (1010 L⊙) (10
10 L⊙)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
0007+106 0.089 397 −23.0 <4.3 1 6.3× 1041 0.15 5 6.9 4.01 7.21
0050+124 0.061 267 −22.7 14.2 2 < 1.8× 1041 <0.16 5 <1.9 < 1.10 33.9
0052+251 0.171 719 −23.3 10.9 3 3.4× 1041 0.09 7 3.7 2.15 18.4
0157+001 0.163 760 −23.6 52.7 4 4.1× 1041 0.11 7 4.5 2.61 307.
0804+761 0.100 448 −23.8 4.7 2 < 1.6× 1042 <0.19 5 <17.4 < 10.1 8.36
0844+349 0.064 280 −22.2 <1.1 2 < 1.5× 1041 <0.19 5 <1.6 < 0.929 3.92
1119+120 0.050 217 −21.4 2.0 1 1.2× 1041 0.29 6 1.3 0.755 7.00
1126−041 0.060 261 −22.1 1.7 1 3.7× 1041 0.48 6 4.0 2.32 13.6
1202+281 0.165 772 −22.6 <11.7 1 < 1.7× 1041 <0.49 5 <1.9 < 1.10 28.9
1211+143 0.081 358 −23.7 <2.0 2 < 3.5× 1041 <0.18 5 <3.8 < 2.21 15.2
1229+204 0.063 275 −22.1 1.4 2 < 5.7× 1040 <0.09 6 <0.62 < 0.360 4.97
1309+355 0.184 867 −23.7 <4.6 3 7.7× 1041 · · · 8 8.4 4.86 < 31.6
1351+640 0.088 392 −23.2 6.7 2 < 7.1× 1041 <0.15 5 <7.7 < 4.47 25.1
1402+261 0.164 765 −23.8 <6.2 1 5.6× 1040 0.21 7 0.61 0.354 30.4
1404+226 0.098 438 −21.9 4.6 2 < 1.3× 1040 <0.05 7 <0.14 < 0.081 6.79
1411+442 0.089 394 −22.6 <2.4 2 < 7.4× 1040 <0.10 9 <0.81 < 0.471 5.49
1415+451 0.114 515 −22.4 7.3 1 < 4.9× 1040 <0.45 7 <0.53 < 0.308 7.88
1426+015 0.087 384 −23.3 6.5 2 < 2.6× 1041 <0.13 5 <2.8 < 1.63 12.8
1440+356 0.079 349 −22.5 12.0 2 9.4× 1040 0.29 10 1.0 0.581 19.6
1444+407 0.267 1323 −24.5 11.0 3 1.8× 1042 · · · 8 19.4 11.3 48.6
1545+210 0.264 1306 −24.9 <14.9 3 8.9× 1041 0.16 11 9.7 5.62 17.5
1613+658 0.129 589 −22.9 24.7 1 5.5× 1041 0.13 5 6.0 3.48 60.5
2130+099 0.063 275 −22.6 3.0 2 < 1.5× 1041 <0.12 5 <1.6 < 0.929 8.89
2214+139 0.066 288 −22.5 1.8 2 5.2× 1040 0.12 10 0.57 0.331 6.53
2349−014 0.174 817 −24.0 21.7 3 7.6× 1041 0.27 12 8.3 4.82 45.6
NOTE.— Col. (1) Quasar name. Col. (2) Redshift. Col. (3) Luminosity distance based on H0 = 72 km s
−1 Mpc−1, Ωm = 0.3,
and ΩΛ = 0.7. Col. (4) Absolute B-band magnitude derived from the spectrophotometry of Neugebauer et al. 1987, after correcting
for Galactic extinction as determined by Schlegel, Finkbeiner, & Davis 1998 and the extinction curve of Cardelli, Clayton, & Mathis
1989. Col. (5) Molecular hydrogen mass derived using a Galactic CO-to-H2 conversion factor of MH2 = 4.8L
′
CO M⊙ (K km s
−1 pc2)−1
and adjusted to our adopted value of DL. Col. (6) Reference for CO data: (1) Evans et al. 2001; (2) Scoville et al. 2003; (3) Casoli
& Loinard 2001; (4) Solomon et al. 1997. Col. (7) Observed luminosity of [O II] λ3727. Col. (8) Observed ratio [O II] λ3727/[O III]
λ5007. Col. (9) Reference for [O II] data: (5) Wilkes et al. 1999; (6) Simpson et al. 1996; (7) Kuraszkiewicz et al. 2000; (8) Baldwin,
Wampler, & Gaskell 1989; the following are based on [O III] fluxes from Marziani et al. 2003 and an [O II]/[O III] ratio from (9) Shang
et al. 2003, (10) Osterbrock 1977, (11) Wills et al. 1993, and (12) Grandi & Osterbrock 1978. Col. (10) Star formation rate based on
L[O II] and Equation 1 (Eq. 10 of Kewley et al. 2004), assuming (a) 1/3 of the [O II] emission arises from H II regions, (b) an oxygen
abundance of log(O/H) + 12 = 9.2 (2 × solar), and (c) an average extinction of AV = 1 mag and the extinction curve of Cardelli et
al. 1989. Col. (11) Infrared (8–1000 µm) luminosity predicted from the star formation rate in Col. 10, from Equation 5 of Kewley et
al. 2002: LIR = 2.2 × 10
43 (SFR/M⊙ yr
−1) erg s−1. Col. (12) Infrared (8–1000 µm) luminosity estimated according to the procedure
of Kewley et al. 2002, using ISO 60 and 100 µm flux densities by Haas et al. 2000 and Haas et al. 2003, except for PG 0844+349,
1119+120, 1126−041, 1202+281, 2214+139, and 2349−014, which come from IRAS data by Sanders et al. 1989.
responsible for the IR emission in quasars.
2. OBSERVATIONAL CONSTRAINTS
The [O II] λ3727 line has not been extensively studied in
quasars. Unlike [O III] λ5007, which is often prominent in
quasars, [O II] tends to be quite weak, in many cases eluding de-
tection. Radio-loud quasars can have [O II] luminosities as high
as L[O II] ≈ 1042 − 1043 erg s−1 (Wills et al. 1993; Hes, Barthel,
& Fosbury 1996). By contrast, nearby radio-quiet quasars from
the Palomar-Green (PG) survey (Schmidt & Green 1983) typi-
cally have L[O II] ≈ 1040 − 1042 erg s−1, with many objects hav-
ing upper limits near L[O II] ≈ 1041 erg s−1 (Simpson et al. 1996;
Wilkes et al. 1999; Kuraszkiewicz et al. 2000). In cases where
both [O II] and [O III] are observed, [O II]/[O III] ≈ 0.1 − 0.3,
within the range expected solely from AGN photoionization.
We can arrive at a statistically more robust result by exam-
ining ensemble averages of large quasar samples, as depicted
in composite spectra generated from extensive surveys such as
the Large Bright Quasar Survey (LBQS; Francis et al. 1991),
the FIRST Bright Quasar Survey (Brotherton et al. 2001), the
Sloan Digital Sky Survey (Vanden Berk et al. 2001; Richards
et al. 2003; Yip et al. 2004), and the 2dF and 6dF Quasar
Redshift Surveys (Croom et al. 2002). A consistent pattern
emerges: [O II] is invariably quite weak (rest-frame EW ≈ 2
Å), ∼ 10% − 20% in strength compared to [O III]. To estimate
the absolute strength of [O II], consider the LBQS composite,
which comprises mostly of quasars with 〈MB〉 ≈ −23.5 mag at
〈z〉 ≈ 1.3. For EW([O II]) = 1.9 Å and a continuum spectrum
fν ∝ ν−0.32 (Francis et al. 1991), we find2 〈L[O II]〉 = 9.8× 1041
erg s−1.
2We adopt the following cosmological parameters: H0 = 72 km s−1 Mpc−1 , Ωm = 0.3, and ΩΛ = 0.7.
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FIG. 1.— The dependence of SFR on molecular gas content in galaxies; the
right and top axes give the alternative representation in terms of IR luminosity
and CO luminosity, respectively. The PG quasars from Table 1 are plotted as
filled blue circles, with their SFRs and equivalent IR luminosities estimated
from [O II] measurements; upper limits are denoted with arrows. The total IR
luminosities actually observed in the PG quasars are indicated with semi-filled
red circles. Three galaxy samples are included for comparison, using the pre-
scription of Kewley et al. (2002; see notes to Table 1) to estimate SFRs from
published IR measurements: isolated and weakly interacting galaxies (pluses,
with best-fitting line; Solomon & Sage 1988), luminous IR galaxies (crosses;
Sanders et al. 1991), and ultraluminous IR galaxies (asterisks; Solomon et al.
1997). The large triangle marks the location of the Milky Way (Scoville &
Good 1989). All the literature data have been homogenized using a Galactic
CO-to-H2 conversion factor of MH2 = 4.8L′CO M⊙ (K km s−1 pc2)−1 and our
adopted cosmological parameters.
3. IMPLICATIONS
3.1. Star Formation Rate and Efficiency
The observations summarized in the preceding section show
that [O II] emission in quasars is generically quite weak. When
present, its strength relative to [O III] is entirely consistent with
a pure AGN origin, leaving little room for any additional con-
tribution from ongoing star formation in the host galaxy. We
can use the existing [O II] measurements to place limits on the
SFRs3, employing the calibration of Kewley et al. (2004, Eq.
10), which explicitly takes into account extinction and metalic-
ity corrections:
SFR([O II]) = 7.9× 10
−42(L[O II]/erg s−1)
16.73 − 1.75[log(O/H) + 12] M⊙ yr
−1. (1)
Here L[O II] is the extinction-corrected [O II] luminosity and the
solar oxygen abundance is assumed to be log(O/H) + 12 = 8.9.
We make three assumptions: (1) [O II] is attenuated on av-
erage by AV = 1 mag, a value commonly deduced in surveys
of star-forming galaxies (e.g., Sullivan et al. 2000); (2) the
line-emitting gas has a characteristic metalicity of twice solar,
which lies near the upper end of the values inferred for AGN
narrow-line regions (Storchi-Bergmann et al. 1998); and (3)
one-third of the [O II] emission comes from H II regions, which
is a conservative upper bound, since in actuality the observed
[O II]/[O III] ratios (0.1–0.3) strongly indicate that most or all
of the [O II] can be accounted for by the AGN. Then, an ob-
served [O II] luminosity of 1041 erg s−1, a value around which
most of the current detections and upper limits for PG quasars
cluster, translates into a SFR of 1 M⊙ yr−1. For the LBQS com-
posite spectrum (§ 2), we obtain SFR ≈ 10 M⊙ yr−1. These are
interesting limits, considering that nearby, normal spiral galax-
ies (Solomon & Sage 1988), including the Milky Way (Scoville
& Good 1989), have SFRs ≈ 1 − 3 M⊙ yr−1.
The low SFRs deduced for the quasar host galaxies seem,
at first glance, quite surprising. With their nuclei fully shining
as powerful AGNs, one would naïvely expect the host galax-
ies to be quite plentiful in gas, and hence forming stars at a
rate substantially higher than in quiescent disk galaxies. A
possible resolution perhaps can be found by appealing to an
evolutionary scenario, such as that proposed by Sanders et al.
(1988), whereby quasars emerge as the endpoint of major, gas-
rich mergers. Most of the gas is consumed first in a vigorous
starburst phase, when the system appears as an ultraluminous
IR galaxy. By the time the quasar emerges, the starburst has
subsided, most of the gas has been exhausted, and any residual
gas might be expelled by the AGN.
While such a picture has theoretical support from numeri-
cal simulations of galaxy mergers that include AGN feedback
(Springel, Di Matteo, & Hernquist 2005), it appears to be in se-
rious conflict with the observed gas content of nearby quasars.
Scoville et al. (2003), in an unbiased survey of optically se-
lected (PG) quasars with z < 0.1, detected abundant CO(1–0)
emission in the majority (9/12) of the sources. With a stan-
dard Galactic CO-to-H2 conversion factor, the derived molec-
ular gas masses range from ∼ 109 to 1010 M⊙. Far from be-
ing depleted of cold interstellar medium, nearby quasars are,
in fact, quite gas-rich. For comparison, nearby disk galaxies
contain MH2 ≈ (2 − 4)× 109 M⊙ (Solomon & Sage 1988). In-
deed, we are now faced with a new puzzle. Why do quasar host
galaxies form so few stars in spite of having significant amounts
of molecular gas? To quantify this apparent contradiction, we
have examined 25 low-z PG quasars with available [O II] and
CO data (Table 1)4. Consistent with the above discussion, the
majority of the objects have SFRs or limits thereof that are quite
modest, ranging from less than 1 M⊙ yr−1 to a few M⊙ yr−1.
Gas-rich galaxies ordinarily obey a well-defined correlation
between their far-IR luminosity and CO luminosity, or, equiv-
alently, between their SFR and molecular gas mass. The ratio
of these two quantities yields an estimate of the star formation
“efficiency” (e.g., Young et al. 1986). This is illustrated in
Figure 1, where the solid line demarcates the locus occupied
by isolated or weakly interacting galaxies (Solomon & Sage
1988). For comparison, we have superposed a sample of lu-
minous (Sanders, Scoville, & Soifer 1991) and ultraluminous
(Solomon et al. 1997) IR galaxies to illustrate the familiar re-
sult that these objects, most of which are mergers or strongly
interacting systems, have elevated star formation efficiencies.
In this context, it is remarkable that nearly all (23/25) of the
3Throughout this paper, SFRs refer to a Salpeter stellar initial mass function with a lower mass limit of 0.1 M⊙ and an upper mass limit of 100 M⊙ .
4Since the [O II] measurements were obtained using apertures (∼2′′–5′′) that are typically smaller than the optical extent of the host galaxies, the quoted [O II]
strengths are probably lower limits to the total line luminosity from these objects. The current comparison with the CO data, however, is valid because the CO maps
have a resolution of ∼ 4′′, and most of the emission remains unresolved on this scale (Evans et al. 2001; Scoville et al. 2003). Three of the objects (PG 1119+120,
1229+204, and 1404+226) technically fall below the traditional luminosity criterion for quasars (MB < −23−5 log(H0/100 km s−1 Mpc−1) = −22.2 mag for our choice
of H0), but this historical definition is arbitrary and has no particular physical significance.
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PG quasars lie at or below the locus of normal galaxies. Re-
call that the SFRs for the PG quasars already should be viewed
as conservative upper limits, since the [O II]/[O III] ratios (Ta-
ble 1) suggest that star formation contributes negligibly to the
[O II] emission. Taken at face value, the host galaxies of nearby
quasars appear to form stars far less efficiently than would be
expected on the basis of their gas content. Their star formation
efficiencies certainly fall short of those in strongly interacting
galaxies (by a factor ∼ 20 − 50), but, more strikingly, they are
suppressed even relative to normal galaxies (by a factor ∼>5).
What could be responsible for the anomalously low star for-
mation efficiencies in quasar host galaxies? As reviewed by
Maloney (1999), the hard radiation field of an AGN can have
a profound impact on the thermal and ionization structure of a
molecular cloud. Although the details have not been elucidated,
it is not unreasonable to suppose that this form of AGN feed-
back could have direct consequences for a molecular cloud’s
ability to form stars.
3.2. Origin of Far-infrared Emission in Quasars
Our results have some bearing on the origin of the IR emis-
sion in quasars. While the IR continuum of quasars, at least
of the radio-quiet variety, can be explained largely by thermal
emission from dust reradiation, the primary energy source for
the far-IR emission is still controversial (e.g., Haas et al. 2003).
The [O II] measurements discussed above provide an indepen-
dent constraint on this problem. Table 1 lists the IR luminosity
predicted from our limits on the SFR, which, as expected, in
almost all cases is quite small compared to the total observed
IR luminosity. Although the PG quasars in Figure 1 indeed do
roughly follow the track of IR-luminous galaxies in terms of
their total IR luminosity, it would be misleading to conclude
that the IR emission necessarily originates from stellar heating
(e.g., Yun et al. 2004). The true contribution to the IR emission
due to star formation, as inferred here through the [O II]-based
SFRs, push the points well below the normal trend. At least for
the subset of PG quasars considered here, it seems difficult to
escape the conclusion that accretion energy powers the bulk of
the IR continuum.
3.3. Comparison with Previous Work
The main result of this paper—that quasar host galaxies ex-
perience low levels of ongoing star formation—may appear to
be at odds with other work in the literature that have inferred
high SFRs in quasars. In a study of composite spectra gen-
erated from the 2dF+6dF Quasar Redshift Surveys, Croom et
al. (2002) conclude that the majority of the [O II] emission
in low-luminosity (MB ≈ −20 mag) objects probably comes
from star-forming regions in the host galaxy and not from the
AGN. These authors speculate that the same may hold in high-
luminosity sources. From the observed inverse correlation be-
tween [O II] EW and luminosity, and the somewhat steeper
dependence between Ca II K absorption EW and luminosity,
the assumption of a constant host galaxy spectrum would sug-
gest that the AGN contributes an increasingly larger fraction of
the [O II] flux in higher-luminosity sources. This is consistent
with the variation of the relative strengths of [O II] and [O III]
as a function of luminosity. From Figure 7 of Croom et al.,
[O II]/[O III] has a relatively high value of ∼0.4 in the low-
luminosity bin, as expected for significant host galaxy contri-
bution, but decreases to ∼0.1 at MB ≈ −24 mag, a value more
typical of AGNs. Independent of the exact interpretation, how-
ever, we note that the absolute strength of [O II] in the 2dF+6dF
composites nonetheless indicates that the line luminosity, and
thus the SFR, is quite modest. The high-luminosity AGN com-
posite spectra from 2dF+6dF have EW([O II]) ≈ 2 Å and span
z ≈ 1 − 2, not unlike the LBQS composite (Francis et al. 1991)
discussed in §§ 2–3, and hence our previous limit on the SFR
for the latter applies.
Netzer et al. (2004) recently obtained [O III] λ5007 mea-
surements of luminous, high-redshift quasars in order investi-
gate the properties of their narrow-line regions. From the sub-
set of their sample that shows strong [O III] emission, Netzer
et al. deduced that the narrow-line region in these objects must
be exceptionally dense compared to the conditions in nearby,
less luminous AGNs. They postulate that the high-density gas
might be related to, or supplied by, star-forming regions. How-
ever, this conjecture for the origin of the dense gas, while plau-
sible, is not unique, as Netzer et al. recognize. One can en-
vision many possible channels for delivering dense gas to the
circumnuclear environment of galaxies without implicating nu-
clear starburst activity. Moreover, even if star formation were
ultimately linked to the origin of the gas, in the absence of a
specific model one cannot rule out a scenario wherein the star-
burst precedes the quasar phase.
As reviewed by Heckman (2004), there has been mounting
evidence from spectroscopic studies of nearby AGNs that nu-
clear and starburst activity are closely coupled. The most exten-
sive treatment of this problem comes from the analysis of the
Sloan Digital Sky Survey database by Kauffmann et al. (2003),
who find that the host galaxies of luminous Type 2 AGNs often
show spectral signatures typical of young to intermediate-age
stars. Although more difficult to study, broad-line (Type 1) ob-
jects qualitatively behave the same (Kauffmann et al. 2003).
These results are not in conflict with the findings of this study.
The stellar population uncovered by Kauffmann et al. has a
characteristic age of 108 − 109 yr, which is indicative of a post-
starburst population, whereas our study specifically aims to ad-
dress the younger (∼<107 yr), ionizing population.
Lastly, there has been considerable success in efforts to de-
tect thermal dust emission through sub-millimeter observations
of high-redshift (z ∼> 2) quasars (Omont et al. 2004, and refer-
ences therein). It is customary to invoke enormous SFRs, ∼ 103
M⊙ yr−1 or more, to account for the large far-IR luminosities
(∼>1013 L⊙) observed in these sources, especially when CO
emission is detected. While the presence of a sizable molec-
ular gas reservoir is clearly a necessary prerequisite for a star-
burst, and undoubtedly indicates the galaxy’s future potential
to form stars, our study shows that this, by itself, is not a suf-
ficient condition for a starburst, not when a powerful quasar is
simultaneously active. As discussed in § 3.2 the interpretation
of far-IR emission can be ambiguous. The technique outlined in
this paper can be applied directly to evaluate the SFRs in distant
quasars, by searching for [O II] λ3727 emission shifted into the
near-IR.
3.4. Caveats
We conclude with a brief discussion of possible sources of
systematic error that may affect the results presented in this pa-
per. First, it is possible that we have underestimated the mag-
nitude of dust extinction on the [O II] measurements. We have
assumed that quasar host galaxies on average are affected by
roughly the same degree of extinction as commonly deduced
in actively star-forming galaxies. There is no compelling rea-
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son, however, to believe that this is a poor approximation. The
amount of dust obscuration in galaxies correlates with the level
of star formation, but for SFRs ∼< 100 M⊙ yr
−1
, appropriate for
all but the most extreme starbursts, optical SFR tracers such as
[O II] and Hα indicate extinction corrections of only a factor of
4–5 (e.g., Dopita et al. 2002; Cardiel et al. 2003; Hopkins et
al. 2003), which is consistent with our adopted value of AV = 1
mag. In order to explain the apparent offset of the quasars in
Figure 1, we would need to increase the extinction to AV = 2
mag to match the normal galaxies, and to AV = 3 − 4 mag to
be consistent with the IR-bright starbursts. It is worth reiterat-
ing that our estimates of SFRs have, if anything, erred on the
side of caution by assuming that as much as one-third of [O II]
emission arises from H II regions, even though the observed
[O II]/[O III] ratios are manifestly consistent with an AGN ori-
gin.
It could be objected that the comparison between quasars and
star-forming galaxies in Figure 1 may have been exaggerated
because it invokes two vastly different methods of estimating
SFRs, namely [O II] and far-IR luminosity. While it would cer-
tainly be worthwhile to revisit this analysis once globally inte-
grated [O II] measurements become available for quiescent and
ultraluminous IR galaxies, here we simply note that the magni-
tude of the trend observed in Figure 1 cannot be explained by
possible residual systematic differences between the two meth-
ods after reasonable precautions are taken to correct for extinc-
tion in [O II]. The scatter between the SFRs derived from the
two methods (∼ 0.25 dex; Kewley et al. 2002, 2004; Hopkins
et al. 2003) is small compared to the observed scatter in Figure
1.
As emphasized by Kewley et al. (2004), SFRs based on
[O II] can be influenced by metalicity. Although we have no
direct information on the metalicity of the [O II]-emitting gas
for our objects, we have made a reasonable guess (twice solar)
based on detailed studies of nearby AGNs (Storchi-Bergmann
et al. 1998) and the expectation that the host galaxies of quasars
should be relatively massive, and hence metal-rich. Artificially
increasing the metalicity to 3–4 times solar would not qualita-
tively alter our basic conclusions.
It is conceivable that quasar host galaxies do experience sig-
nificantly higher SFRs, but somehow most of the H II regions,
perhaps as a result of being exposed to the strong radiation field
of the AGN, are not being properly traced through [O II] emis-
sion. One might also appeal to unusually high nebular densities
to quench the [O II] emission by collisional deexcitation. Both
possibilities are purely speculative and difficult to test, but they
merit further investigation.
The H2 masses for the quasars were derived using a standard
CO-to-H2 conversion factor appropriate for Galactic molecular
clouds. While this is a perennial source of concern, its impact is
mitigated by the fact that our conclusion concerning star forma-
tion efficiency in quasars is based on a differential comparison
with other galaxies, whose H2 masses were derived from the
same premise. Of course, we cannot exclude the possibility
that quasar host galaxies have a systematically different (lower)
CO-to-H2 conversion factor than other extragalactic systems.
Downes & Solomon (1998) have argued, for example, that the
CO-to-H2 conversion factor in ultraluminous IR galaxies may
be up to a factor of 5 lower than the Galactic value. There is no
reason to suspect, however, that the extreme conditions in ul-
traluminous IR galaxies should apply to the quasars considered
here. Moreover, the gas masses deduced using the standard CO-
to-H2 conversion factor, when compared with the dust masses
derived from IR observations, lead to reasonable gas-to-dust ra-
tios (Haas et al. 2003; Scoville et al. 2003). In order to align the
quasars with the trend defined by the normal galaxies in Figure
1, the H2 masses for the quasars would have to be lowered by
roughly an order of magnitude.
4. SUMMARY
This paper discusses the feasibility of using the [O II] λ3727
emission line as a tracer of ongoing star formation in AGNs,
particularly in the high-ionization regime pertinent to Seyfert
galaxies and quasars. From an assessment of the existing spec-
troscopy on quasars, we find that quasars exhibit very weak
[O II] emission, with little or no contribution evident from star-
forming regions in the host galaxy. Quasar and starburst activity
do not appear to be coeval. For a well-defined sample of nearby,
optically selected quasars with detected CO emission, the low
inferred star formation rates coupled with the abundant molecu-
lar gas suggest that star formation in these objects is inefficient,
perhaps as a consequence of AGN irradiation. The low star
formation rates also imply that the bulk of the IR emission in
radio-quiet quasars must be powered by accretion energy rather
than young stars.
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